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[57] ABSTRACT 

In a retrieval of data stored on a magnetic medium, a 
phase locked loop is employed for clocking data signals 
allocated to the data. This phase locked loop generates 
clock signals synchronized with the data signals. The 
data signals are subject to various distortions and are 
subject to a shift of individual data signals dependent on 
the recorded data. To prevent the phase locked loop 
from processing these shifts as phase or frequency er- 
rors, a switch stage is provided which inhibits the con- 
trol in the phase locked loop give the occurrence of 
such shifts. The switch stage contains a time-delay stage 
and a comparator. The control is inhibited when succes- 
sive phase differences between the data signals and the 
clock signals appear in opposite directions. 

7 Claims, 3 Drawing Sheets 
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CIRCUIT ARRANGEMENT FOR THE ! ZS^Sit^S^ dCViati ° n "* 

R ™s°N SpSSS^ iA3^t I SlSi IO opPii. talltaJ * 

ERRORS IN A PHASE LOCKED LOOP of eliminating the influences of these effects. Given a 

BACKGROUND OF THE INVENTION ' ^^fV deviation FD there is no difficulty in modi- 

fying the frequency of the clock signals C in one direc- 
ts Field of the Invention tion. However, there is a risk that in the first, data- 
The invention is directed to a circuit arrangement for dependent shift as shown, for example, at point in time 
the ^cognition of impermissable phase errors in a phase Tl, the oscillator VCO is adjusted in the same way as it 
locked loop wherein means are provided for generating 10 is adjusted given a frequency deviation FD correspond- 
te.SfJJ * P i 386 ^ C0mpanS0n of binaf y data *8 to a trailing of the data signals D. In the following 

rZl J? f ^1 ™ d WhC T a repetltl ° n / ate ° f data si S nal D » shown, for example at point in time T2 

clock signals generated m an oscillator is modified de- tne data signal n k l^Hi™ ;„ ™™™e™\„ JT i 7 

pendent on the phase signals. f^i r T £ 8 , Tf^" t0 the dock 

2. Description of the Prior Art 15 ^ C * f» thus occ " r synchronization 

In a playback of data recorded on a recording me- S^H *T ^ f d the clock si S nals C is 

dium, for example on a magnetic tape or on a magnetic l0St ,' "** thuS . *f rec ° rded data cannot be ™bigu- 

disk, the data signals output by a transducer, for exam- J? re-acquired. 

pie, a magnetic head, can be distorted in various ways. ™ ei i a 5 . * of the data D m comparison 

The distortions can occur as a result of fluctuations in 20 t0 . tne ? lock signals c > V^iase signals L are generated at 

the relative speed between the recording medium and p . omts m . tune T1 ^ T 3 through T5, whereas a phase 

the transducer. This can occur due to noise, dust parti- slgnal . E ^ S enerated at point in time T2 given leading 

cles, inadequacies in the surface of the recording me- data ^S^ 315 - The amplifier A and the filter F generate 

dium, or, in the case of a magnetic recording medium, the control signal ER from the phase signals E and L, 

due to the particular properties of the magnetic parti- 25 this control signal ER being supplied to the oscillator 

cles. In order to assure the best possible playback of the vco in order t0 modify the frequency of the clock 

data stored by the data signals, a phase locked loop, also signal C to assure the best possible synchronization 

referred to as a PLL, is employed in order to generate between the clock signals C and the data signals D. 

lock signals which are synchronized with the played The filter F is normally in position to compensate the 

back data signals. The phase locked loop can be de- 30 data dependent bit shifts BS. However, given storages 

signed both as an analog as well as a digital circuit. of which especially high demands are made, it can 

Such a phase locked loop designed as an analog cir- occur that the elimination of the information-dependent 

cmt is shown in FIG. 1. The analog data signals AD bit shifts is extremely difficult without disturbing the 

proceed from a data source DS, for example, a magnetic high-frequency behavior of the phase locked loop PLL 
head of a magnetic tape recorder means or of a mag- 35 

netic disk storage, to a digitization stage DI which gen- SUMMARY OF THE INVENTION 

erates binary data signals D from the analog data sig- It is therefore an object of the invention to specify a 

just like the data signals D, are supplied to a phase A „ . %, . „. v 

comparator PC. Dependent upon whether the data JS^Sf h * f ^ * * 

signals D lead or trail the clock signals C, this generates Pr ° Vlded •*? ld f lfymg a pha f dlfferenc e between 

phase signals E or L whose duration corresponds to the 45 tW ° f uccesslve data signals and corresponding clock 

amount of lead or trail. An amplifier A generates an S1 f ' ° r rec0 S mzm g M "npermissable phase error 

error signal ER1 from these phase signals EL and con- when tW0 success ive phase differences exhibit direc- 

ducts it to a filter F, usually a low-pass filter, which 410118 °PP 0Slte one another, and for inhibiting said means 

generates a control signal ER and emits this to the volt- for mod ifying the repetition rate of the clock signals 

age-controlled oscillator VCO. This modifies the fre- 50 given P resence of such an impermissable phase error, 

quency of the clock signals C dependent on the momen- ^ P resent invention is based on the fact that the 

tary value of the control signal ER such that a phase data-dependent shifts as defined here are always caused 

difference between the data signals D and the clock by tw ? successive data signals being shifted in mutually 

signals C is opposed. opposite directions. These shifts are recognized with 

In the illustration of FIG. 2, the data signals D' are 55 the assistance of a switching stage, and the control by 

ideal data signals wherein the spacings of the leading phase locked loop is inhibited. 

edges differ by whole-numbered factors dependent on RR tw r>v<tm tpttom r>u i™ ™> * «/txt^ o 
the data to be recorded. BRIEF DESCRIPTION OF THE DRAWINGS 

It can occur in a recording onto a recording medium FIG. 1 is a block circuit diagram of a known phase 

that successive data signals D are shifted in opposite 60 locked loop; 

directions. This particularly occurs when the spacings FIG. 2 is a signal pattern of signals at various points 

of the data signals change and the data signals D are of the phase locked loop illustrated in FIG. 1; 

then respectively shifted toward the gap which thus FIG. 3 is a block circuit diagram of a circuit arrange- 

arises. This event is also referred to as "bit shift" and is ment of the invention; 

identified as BS in FIG. 2. However, it can also occur 65 FIG. 4 is a time diagram of signals at various points of 

that, due for example to a fluctuation in the relative the circuit arrangement shown in FIG. 3; 

speed between the recording medium and the trans- FIG. 5 is a circuit diagram of an embodiment of the 

ducer, the data signals D are shifted in one direction, circuit arrangement of the invention- 



4,803, 

3 

FIG. 6 shows time diagrams of signals at various 
points of the circuit arrangement of FIG. 5; and 

FIG. 7 is an exemplary embodiment of a circuit ar- 
rangement provided in a digital phase locked loop in 
accordance with the invention. 5 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the block circuit diagram shown in FIG. 3, the 
phase comparator PCI corresponds to the phase com- 10 
parator shown in FIG. 1 and essentially differs there- 
from only in that, instead of the phase signals E and L, 
it only respectively outputs one phase signal P whose 
binary value indicates whether a data signal D is leading 
or trailing a clock signal C. The phase signals P are 15 
supplied to a time delay element formed of two flip- 
flops Fl and F2 which respectively delay the phase 
signals P in accordance with the spacing of the data 
signals D, and outputs the delayed phase signals PI and 
P2. The delayed phase signals PI and P2 are supplied to 20 
a comparator CO which outputs the control signals CS 
with which the phase signals PI are inhibited when two 
successive, data-dependent bit shifts BS occur in oppo- 
site directions. The inhibiting occurs by means of a gate 
G which is connected preceding an amplifier A and 25 
which emits a control signal ER1 only when a control 
signal CS simultaneously occurs with the phase signal 
PI. 

In the illustration in FIG. 4, the phase detector PCI 
determines at point in times Tl that the data signal D is 30 
trailing the clock signal C and the phase signal P as- 
sumes the binary value 1. At point in time t2, the phase 
detector PCI determines that the data signal D is lead- 
ing the clock signal C and the phase signal P again 
assumes the binary value 0. Since the data signal D is 35 
supplied to the clock input of the flip-flop Fl at whose 
data input the phase signal P is present, the flip-flop Fl 
is set at point in time t2. With the trailing edge of the 
next data signal D, the flip-flop Fl is again reset at point 
in time 33 and the flip-flop F2 is set. It is assumed at 40 
point in time t4, t5, and t6 that the data signals D are 
trailing the clock signals C as a consequence of a fre- 
quency deviation FD. The phase signal P thus respec- 
tively assumes the binary value 1 at these points in time 
or retains this binary value 1. In a corresponding way, 45 
the phase signals PI and P2 assume the binary value 1 
with the respectively following data signals D. 

Between points in time t2 and t4, the comparator CO 
inhibits the phase signals PI since these are allocated to 
mutually opposite phase shifts. Up to point in time t2, 50 
between points in time t4 and t5, and following point in 
time t6, the phase signals PI, however, are connected 
through as control signals ER1 in order to maintain the 
synchronization between the data signals D and the 
clock signals C. A control signal CS for inhibiting the 55 
gate G is always output when the phase signals PI and 
P2 exhibit the same binary value. For this purpose, for 
example, the comparator CO can be designed as an 
equivalence gate. The gate G, for example, can be de- 
signed as a tristate gate wherein the output is switched 60 
to high-resistance by the control signal CS and is always 
enabled by the control signal CS only when no data- 
dependent shift of the data signals D occur. 

The circuit diagram shown in FIG. 5 shows a more 
detailed illustration of the circuit arrangement of FIG. 65 
3. In this circuit diagram, the phase comparator PC2 has 
two outputs in accordance with the block circuit dia- 
gram in FIG. 1 at which the phase signals E and L are 
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output. Each of the phase signals E or L is delayed by 
two period durations of the data signals D in a two stage 
time-delay element formed of flip-flops Fll, F12, F21, 
and F22. For this purpose, the clock inputs of the flip- 
flops are supplied with the data signals D inverted by an 
inverter I. A phase signal L is output when a data signal 
D trails a clock signal C and a phase signal E is output 
when a data signal D leads a clock signal C. Gates Gl 
through G3 check whether the delayed phase signals 
Pll and P21 or P12 and P22 are identical. Further gates 
G4, G5, and G6 check whether impermissable condi- 
tions of the flip-flops Fll through F22 occur when the 
phase signals L and E appear simultaneously. In this 
case, a gate G7 prevents the phase signal P22 from 
being connected through to the amplifier A2 via the 
gate GB, and from being output at the amplifier A2 as a 
control signal ER1. In case no impermissable conditions 
occur, a control signal CS1 output at the gate G3 is 
supplied to the gate G8 as control signal CS2 via the 
gate G7. This control signal CS2 always inhibits the 
gate G8 when successive phase shifts appear in opposite 
directions, and thus data-dependent shifts of the data 
signals D are indicated. The control signal CS2 can also 
be synchronized by a further flip-flop in order to avoid 
noise peaks on the signal supplied to the amplifier A2. 

The time diagram shown in FIG. 6 differs from the 
time diagram shown in FIG. 4 since first, the two phase 
signals L and E are generated instead of one phase 
signal P. It is assumed that the data signal D is leading 
the clock signal C at point in time tl, is trailing it at 
points in time t4 and t5, and is in-phase at points in time 
t6 and t7. The data-dependent bit shift BS of the data 
signals D occurs at points in time t2 and t3. In a way 
corresponding to that in FIG. 4, the phase signals L and 
E are each delayed by two period durations of the data 
signals D. Since the phase shifts between the data sig- 
nals and the clock signals C occur in the same direction 
only at points in time t4 and t5, a corresponding control 
signal ER1 is output only between the points in time t6 
and t7. Given successive, mutually oppositely directed 
phase shifts BS between the data signals D and the 
clock signal C, the circuit arrangement shown in FIG. 5 
inhibits the control by the phase locked loop PLL. 

Given the circuit diagram shown in FIG. 5, the phase 
comparator PC2 is designed such that it stores the phase 
signals L and E up to the respective appearance of the 
next data signal D. It is also possible to employ a phase 
comparator PC2 wherein, as shown in FIG. 2, the phase 
signals L and E each comprise a duration which corre- 
sponds to the phase error. These pulses are converted 
into a corresponding voltage which is sensed and stored 
until they are switched through by the gate G8 while 
the control signal CS2 is active. 

The circuit arrangement of the invention can also be 
employed in a completely digitalized phase locked loop. 
Various solutions are possible therefor. A relatively 
simple solution is shown in FIG. 7. The data signals D 
and the clock signals C are again supplied to a phase 
comparator PC3 which generates a phase signal P be- 
tween a respective data signal D and a clock signal C. 
The phase signals P are each delayed by a period dura- 
tion of the data signals D by two flip-flops F31 and F32 
and are checked by an equivalence gate serving as com- 
parator C02 to see whether the data signals P31 and 
P32 exhibit an unequal binary value, and thus indicate 
phase shifts BS in mutually opposite directions. 

Instead of the voltage-controlled oscillator VCO, an 
oscillator OS is provided in this digitalized control cir- 
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cuit which outputs clock signals CI having a relatively 
high repetition rate to a shift register SR and is fed back 
by an inverter II. The parallel outputs of the shift regis- 
ter SR are each connected to an input of AND gates 
Gil through G14 whose outputs are each supplied to 5 
an OR gate G15. The clock signals C are output at the 
output of the OR gate G15. 

The shift register SR serves as a frequency divider 
wherein a respective output signal at one output is 10 
slightly delayed in comparison to an output signal at a 
preceding output. A data selector SEL selects one of 
the gates Gil through G14 in order to supply the corre- 
sponding output signal of the shift register SR to the 
phase comparator PC3 as clock signal C via the OR 15 
gate G15. The data selector SEL is driven by a counter 
CNTR at whose clock input the data signals D are 
present, at whose increment/deincrement control input 
the phase signal P31 is present, and at whose enable 20 
input the output signal of the comparator C02 is pres- 
ent. Dependent on the binary value of the phase signal 
P31, the counter is incremented or deincremented with 
every data signal D depending upon whether a leading 
or a trailing of a data signal D in comparison to a clock 25 
signal C is to be opposed. The incrementing/deincre- 
menting of the counter CNTR, however, occurs only 
when the comparator C02 emits an enable signal, i.e. 
when the phase differences between two successive 30 
data signals D and the corresponding clock signals C 
exhibit the correct direction. In case the phase differ- 
ences of the successive data signals D exhibit different 
directions, the counter CNTR is inhibited in order to 
guarantee a faultless synchronization between the data 35 
signals D and the clock signals C. 

Although various minor changes and modifications 
might be proposed by those skilled in the art, it will be 
understood that I with to include within the claims of 40 
the patent warranted hereon all such changes and modi- 
fications as reasonably come within my contribution to 
the art. 

I claim as my invention: 

1. A phase-locked loop circuit arrangement for rec- 45 
ognition of impermissable phase errors in binary data 
signals fed to the phase-locked loop, comprising: 
an oscillator means for generating clock signals; 
means for generating phase signals indicating phase 50 
differences between said binary data signals and 
said clock signals by a phase comparison; 
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means connected to a control input of said oscillator 
means for modifying a repetition rate of said clock 
signals dependent on said phase signals; and 

a switching means connected to receive said binary 
data signals and said phase signals for recognizing 
impermissable phase errors when two successive 
phase differences between said binary data signals 
and said clock signals have directions opposite one 
another, and for inhibiting said means for modify- 
ing the repetition rate of said clock signals given 
presence of said impermissable phase errors. 

2. A circuit arrangement according to claim 1 
wherein the switching means has a time-delay means for 
delaying the phase signals by a respective cycle time of 
the binary data signals and for outputting second and 
third phase signals delayed by a cycle time with respect 
to one another, and a comparator means connected to 
the time delay means for comparing the second and 
third phase signals. 

3. A circuit arrangement according to claim 2 
wherein the time delay means is formed of two clock- 
controlled flip-flops. 

4. A circuit arrangement according to claim 3 
wherein the comparator means is formed of an equiva- 
lence gate having an output connected to said means for 
modifying. 

5. A circuit arrangement according to claim 2 
wherein a filter is arranged between said means for 
generating phase signals and said oscillator means, and 
said switching means inhibiting control of the phase 
locked loop by inhibiting a transmission of said second 
phase signals to said filter. 

6. A circuit arrangement according to claim 1 
wherein said switching means inhibits said means for 
modifying the repetition rate of the clock signals by 
inhibiting an analog control signal generated by said 
switching means and supplied to the oscillator means. 

7. A method for recognition of impermissable phase 
differences in binary data signals fed to a phase locked 
loop, comprising steps of: 

generating clock signals; 

generating phase signals by a phase comparison of 

said binary data signals and said clock signals; 
modifying a repetition rate of said clock signals de- 
pendent on said phase signals; and 
recognizing impermissable phase errors when two 
successive phase differences between said binary 
data signals and said clock signals exhibit directions 
opposite one another, and inhibiting the modifica- 
tion of the repetition rate of the clock signals given 
presence of such impermissable phase errors. 
***** 
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